A new method to characterise the coefficient of friction of textile fabrics is proposed. The principle is based on the dry clutch, where an annular shaped flat upper body that is kept still, rubs against a lower flat surface, which rotates around a vertical axis at a constant angular velocity. Friction coefficient between the two contacting surfaces is then proportional to the level of the dragging torque between them, measured by means of a precision reaction torque sensor. Contact pressure is constant, given by the own weight of the upper body. The signal from the torque sensor is digitalised through an electronic interface and fed into a PC where friction coefficient is worked out. Finally, experimental work is reported.
Introduction
Many textile materials are used near humans and frequently touched by the human skin and by the human hand in particular, namely clothing, home furnishings and automotive fabrics. For this reason, the interaction with the human senses is an essential performance property [1] . Traditionally, the quality and surface characteristics of apparel fabrics is evaluated by touching and feeling by hand, leading to a subjective assessment. Therefore, one of the most important characteristics of fabrics, especially for clothing, is the coefficient of friction [2] . This is an important factor regarding the objective measurement of the so-called parameter fabric hand. Many contributions have been given to this problem and some resulted in laboratory equipment [3, 4] . A novel prototype laboratory equipment is proposed for a new method of accessing the friction coefficient of fabrics.
The Model
Coefficient of friction is not an inherent characteristic of a material or surface, but results from the contact an interaction between two surfaces [5] . This entirely new method consists of characterising the coefficient of friction between two flat surfaces, namely a textile fabric and a standard surface, based on a relative rotary movement between them by torque evaluation. Initially, to simplify the measuring conditions, fabric-to-fabric was mostly used, the same fabric or a standard fabric against the test fabric. Later, a standard contact surface has also been investigated.
The principle is based on a ring shaped body rubbing against a flat surface as shown in the model of figure 1. There are two bodies: the upper one with a contact surface of an annular geometry, which is placed over a horizontal flat lower fabric sample. The second one is forced to rotate around a vertical axis at a constant angular velocity. Friction coefficient is then proportional to the level of torque being measured by means of a high precision torque sensor. Contact pressure between both samples is kept constant during the test and is given by the ratio between the own weight of the upper element and the contact area. Uniform pressure is assumed, that is, the normal contact force P is uniformly distributed over the entire area. Integrating and replacing p by its value, given by equation 2, equation 3 gives the Coefficient of Friction, µ, as a function of the torque T being measured, the vertical load P, and the geometry of the contact area in terms of the outer and inner diameters, D and d, respectively.
The Design
Exploratory work led to the establishment of a number of design parameters, namely contact pressure, p, initially set to 2,9 kPa and linear velocity in the middle radius of the annular upper body. The geometry of the model could then be defined. With a final speed of approximately 0,75 r.p.m. at the shaft of the lower body, linear sliding velocity at the middle radius of the upper body area was approximately 1,77 mm/s.
The design of FRICTORQ includes a stationary reaction torque sensor bolted to the instrument top frame plate. This plate is pivoted so that it can be hand rotated by the operator away from the test area, to make room for the clamping of the fabric samples. The lower sample support is the rotating element. This is basically a disk with a vertical shaft supported on rolling bearings for reduced friction and precise movement. A pressure ring clamps the sample on a matching conical surface. The final transmission from the DC geared motor is carried out by a miniature timing belt drive. Figure 2 is a general view of FRICTORQ in a fabricto-fabric configuration [7] . The horizontal bar at the end of the torque sensor shaft is responsible for holding stationary the upper contact body while the lower one rotates. This causes the rising of a dragging torque from the friction between the two bodies, being supported and measured by the stationary reaction torque sensor. 
The Working Principle
After setting up and clamping the fabric sample in place, the upper contact body is centred over it by means of a centring needle. The torque sensor mounting plate is then swung back to its working position. An appropriate identification code is introduced, as well as the weight of the upper body P in grams, the diameters D an d in millimetres and the desired test duration in seconds. When the experiment set time runs out (20 seconds was mostly used), the process is automatically stopped. Data from the torque sensor is saved and in real time represented in graphic mode. Figures 3a and 3b represent two graphic displays of experiments showing the most relevant parameters. In figure 3a , that corresponds to a fabric-tofabric situation, initially, while torque is building up, the sample stays static and the output is substantially a straight line. When relative motion starts, torque falls instantly. The pick value gives the static friction coefficient, µ sta. The reaction torque then tends to stabilize, showing a moderate pendent up to the end of the experiment. To compute the dynamic friction coefficient, data from the first 5 seconds of the process is ignored to allow the signal to stabilize. The system then computes the average torque in the interval from 5 to 20 seconds and, using equation 3, gives the kinetic or dynamic friction coefficient, µ . The values of the maximum and average torque are also displayed in small boxes. In figure 3b , which corresponds to a steel-to-fabric situation, the shape is quite different: The pick value is not evident and the shape of the graph is much more stable and nearly horizontal for the duration of the test. For that reason, static friction is ignored and for dynamic friction, data
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Vol. 51, No.3/4 (2005) collected between 5 and 15 seconds of the test was also used. Initially, to simplify the measuring conditions, fabricto-fabric was mostly used. However, the method of testing fabric against itself originated a difficulty when trying to compare results between different fabrics. In fact it works as if the standard surface was always changed. This situation dictated the need to search for a standard fabric to be used against the test fabric.
Experimental
On a later stage, a new objective was then set up: To define a standard contact body that could be easily specified and made, whose surface characteristics could be easily reproduced. For this, a quite simple solution was proposed and evaluated: a ring shaped stainless steel probe, having a flat annular face, turned and finished by polishing on 1200 grade wet sandpaper. The contact pressure was worked out to 3,5 kPa. The metal surface was measured for roughness and a consistent value of 0,1 µm for Ra was obtained. Figure 4a shows this standard smooth metallic body (SMB) on its brass support.
Influence of the contact pressure
For this study, in order to be able to increase the contact pressure The obtained results were analysed using SPSS 12.0 statistical package. In the Appendix, tables 5 and 7 show the multiple comparison analysis and tables 6 and 8 the mean for groups in homogeneous subsets (Scheffe test). Again, to study the obtained results, SPSS 12.0 statistical package, to make a multiple comparison analysis, and Scheffe test (mean for groups in homogeneous subsets) were used. The obtained results are listed in tables 10 and 11 of the Appendix. 
Discussion
The results of the experimental work gave the following indications:
Influence of contact pressure: Experiments with the smooth surface were made using contact pressures of 3.5, 10 and 20 kPa, in both thin (Ref. 80) and thick fabrics (Ref. 90). The results have shown a slight difference when using SMB at 20 kPa with thick fabrics, with no statistical difference when using 10 and 3.5 kPa. However, when testing thin ones there was no statistically significant difference between the 3 values of contact pressure.
Influence of the Metallic Body contact surface roughness: An alternative surface was obtained by applying a certain texture to the steel. Results showed that this new surface gave, as expected, higher values of friction coefficient than the smooth one.
Comparison with KES-F: A very limited set of experiments showed that for the same fabric, values of Miu from KES consistently fall between those obtained with the two metallic surfaces, SMB and TMB from FRICTORQ. However, looking at the statistics, the CV% is 5.2% in KES and 1.7% with SMB and 1.2% with TMB in FRICTORQ.
Conclusions
The experimental work carried out so far has shown promising capabilities for the FRICTORQ principle and design. For the used values of contact pressure, the role of this parameter it is not absolutely clear. Yet only thick fabrics have shown some dependence only when 20 kPa was used. However, more research is needed to clarify this point in order to evaluate the influence of the fabric parameters.
Comparing values of Miu measured with the two equipments, those obtained with KES consistently fall between those obtained with the two metallic surfaces, SMB and TMB from FRICTORQ. Based on these results, it is clear that FRICTORQ shows capabilities of accessing friction in fabrics, with a smaller coefficient of variation than KES.
More research is needed in order to establish a full set of procedures and standards. Future work will focus on the standard metallic body optimisation, namely studding contact pressure, roughness and relative velocity. Nevertheless, this work is already a new contribution to the objective characterization of fabric surface properties. 
